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Chapter V

GEOMETRY OF THE TOOL BIT AND TOOL MATERTALS

GEOMETRY OF THE TOOL BIT

AND ITS RELATION TO THE PROCESS' OF METAL CUTTING

Geometric Parameters of the Tool Bit.

Surfaces (see Figure 1). Front face is surface (1)

[ Drawings]

Figure 1. Surfaces of tool bit.

along which the chip is removed. The back faces are the bit
surfaces facing the work surface: the main back face (2) and
auxiliary back face (3). The bevel edge is the narrow strip
(4) along the cutting edge of the front face at some angle to
the latter. The margin is a narrow strip along the cutting
edge of the back face: main back face (5) or auxiliary back

face (6).

Cutting edges. (see Figure 2). The main cutting edge
(1), which is performing the basic work of cutting, is formed
by the intersection of the front face and main back face. The
side-cutting edge (2) is formed by the intersection of the front
face and the auxiliary back face. The intermediate cutting edge
is where the main- and side-cutting edges are joined, and is

either a straight line (3) or a curve (4) with radius re

-l -
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[Drawings]

Figure 2.

Basic plane and cutting plane. In considering the cutting

tool as a geometrical body, it is sufficient to assume the pre-
sence in the cutting process of only one main operating motion;
then, the planes, which determine the bit angles, will assume

a position with relation to which the tool as a whole is disposed,
independent of its setup with relation to the machine. Such

planes of reference are the basic plane and the cutting plane.

Tools in the use of which the main working motion is
the rotary motion of the workpiece, such as turning cutters in
a lathe, are assumed to be set with the contemplated point of

the cutting edge at the height of the lathe centerse

The basic plane is the plane normal to the straight line
which is tangent to the trajectory described by the motion of
a point of the cutting edge on the workpiece. It is either
parallel to the axial plane, which passes through the contem-
plated point of the cutting edge of the tool, in the case of
rotary motion of the work, or coincides with the axial plane, in

the case of rotating tools. In cutters, the basic plane coin-

cides with the direction of the longituéinal and transverse feeds.

Plane of cutting. This plane is tangent to the cutting
surface and passes through the cutting edge (KX in Figures 3=6),

normal to the basic plane.
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Figure 3. Bit angles of threading cutter; KK = plane of cutting.
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Figure L, Bit angles of cut-off cutter; KK - plane of cutting
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Figure 5. Face milling cutter tooth angles; KK - plane of cutting
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[Drawing]

Section NN

View along arrow A

Section NyNj
Figure 6. Bit angles of twist drill; KK = plane of cutting.
Main [end-] cutting edge-angles (Figures 3 = 6) are de-
termined in the main intersecting plane (NN), which is normal

to the projection of the main cutting edge of tool upon the

basic plane.

Front rake angle ?  is the angle Wbetween the front face

and a plane passing through the cutting edge of tool parallel

to the basic plane. Back relief angle o is the angle between

the main back face of tool and the plane of cuttinge. Angle of

taper é is the angle between the front face and the main back

face of tool. Cutting angle é~ (conditional) is the angle be-

tween the front face of tool and the plane of cutting.

Side-cutting edge-angles (Figures 3 - 6) are determined

in a plane, normal to the projection of the side~cutting edge
upon the basic plane. For rotating tools, they are determined
in a plane normal to the projection of the side-cutting edge upon
the axial plane which passes through the contemplated point and

is, in that sense, the basic plane.

-l -
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Side=cutting edge rake angle Qf is the angle between

the front face of tool and a plane passing through the side

cutting edge parallel to the basic plane. Side-cutting edge

back relief angle &f is the angle between the auxiliary back

face of tool and a plane passing through the side-cutting edge

normal to the basic plane.

Angles in plan (Figures 3 - é) are the angles formed by
the direction of feed and the projection of the cutting edges
upon the basic plane. Main [end] angle in plan @ is formed

by the projection of the end-cutting edge and the direction of

feeds Side angle in plan 9? is formed by the projection of

the side-cutting edge and the direction of feed. Intermediate-

cutting edge angle 5? is formed by the projection of the inter-
mediate cutting edge and the direction of feed. The apex angle

in plan € is the angle between the projections of the end-

cutting and side-cutting edges upon the basic plane.

Angle of inclination (l) of main cutting edge (Figure

3 - 6) is the angle formed by the main cutting edge and a
straight line lying in the plane of cutting and parallel to

the basic planes.

Each one of the above enumerated parameters affects the

process of cutting and has the following basic working function:

X - to insure the free working motion of the tool bit and
reduce back face friction [back reliefl; O+, - to facilitate
free motion of the tool bit with relation to machined surface

[clearancel; }/ = to facilitate the formation and the flow

-5 -
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of chip; ;/1 - to facilitate chip formation at the side-cutting

edge; f - to establish the ratio between the thickness of
chip and feed, and between the width of the chip and the depth
of cutbs ?j_ - to determine the degree of finish of the machined
surface; Jl - to impart the desired direction o the chip
flows fﬁ and / = To establish the locus of transition from

the end-cutting edge to the side~cutting edgee

Determination of the Values of Front [Rake] and Back [Relief]

Determination Of 2= ———=

Front [Rake) and 2802 L ————=s

Angles.

Tront rake angle 7 . The optimum value of the front

rake angle }/ is determined by the conditions of minimum

value of deformation, friction, and wears Favorable conditions
for minimum deformation and wear in cutting are created when
angle }/ = 4 degrees. The intensity of running wear and
temperature increase are reduced with the increase in front

rake angle from 30 degrees to L5 degrees. However, when ]/

= L5 degrees, the cutting edge of the Dit 15 excessively weakenede
The reduction of the front rake angle to 30 degrees leads to an
increase in the strength of the cutting edge without any no-

ticeable increase in the intensity of wear and temperaturee

The bevel f in the front face of bit increases the

strength of the cutting edgee

In the case of hard-alloy-tipped (hard-alloy tips or
plades in vitrified bond with basic tool metal) tools, the

front rake angle, in the presence of a cutting‘edge‘shrengthen—

-b o=
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ing front face bevel, is established as 20 degrees on account

of the brittleness of the hard-alloyain~vitrifiedébond blades.

The front face of the cutting bit cemes as: 1) a

curvilinear surface with bevel (Figure 7); (2) flat surface

with bevel (Figure 8); (3) flat surface without bevele

[ Drawingl
Figure 7. Curvilinear front surface with bevel: a - with
rectilinear section of lune Ppj b - without rectilinear section.
[ Drawing]
Figure 8. Cutter with flat front surface with bevel.
Tn relation to the type of cutting tool and the nature

of the work to be performed, each of the indicated shapes has

its field of application. Table 1 enumerates the recommended

forms of the front surface and values for front rake angle 2} N

D rry 0
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Reconmended forms of front surface and front rake angle (}J) values

head cutters, deep hole drills
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Form of Workpiece material Front rake angle ?/ (in degrees)
tool bit Type of tool Steel Cast iron Tool material
front face Ultimate High-speed Hard-alloy-
tensile Hy Hp tool steel tipped tool
s strength steel
{o-)
. in kg/lem2
(1) (2) (3) ) (5) 6) )
Flat and
Lathe cutters, boring blades 30° 20°
curvilinear Steel, cast iron,
With
Planing and slotting cutters ————
Curvi- and bronze
bevel Lathe cutters, working under 20°
linear of all grades
impact loads, radial drilling
15°
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Table 1 (continued)

@) (2) (3) ) ) 6) (1)
I
Cutters of all types, and Up to 60} Up to 180 | =e== [20°] o
[15°]
milling cutters as follows:
Over 60 | Over 180 ——
cylindrical, face-milling, 15°
Up to 80} Up to 21,0 Up to 150
end-milling, disk-millers
(2-side-teeth and 3-side- Over 80 | Over 240 | Over 150
Flat,
teeth), corn-blade type, and Up to 951 Up to 290 Up to 200
saws with inserted segments 10
without
Profile cutters, profile
A1L me tals
milling cutters
bevel Over 95 | Over 290 | Over 200
Cutters of all types P, 5°
Up to 120} Up to 350} Up to 250
Saw-milling, spline-milling,
A1l materials 5° S

T-ghaped, disk-type

i
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The following values are recommended for the front angle of
bevel géz ¢ for high-speed tool steel cutters for lathes it
should be zero degrees; for hard-alloy-tipped lathe cutters it
should be 10 degrees; for high-speed tool steel planing and

slotting cutters it should be 5 degrees.

The basic function of the front angle of the bevel ;%%
is to increase the angle of bevel in the presence of a high

value of the front rake angle }j .
The width of the bevel is accepted as
f = (0.8 1.0)s millimeters,

where s 1s the feed in millimeters per revolution or per
double stroke. The lower limit pertains to hard-alloy-tipped

tools, the upper limit -~ to high-speed steel tools.

The width of the gap AZ is established in relation

to the radius R (see Figure 7) by the formula Z. 2R sin o,

The value of the radius R of the gap is to be estab-
lished in relation to the type of cutter and feed. For lathe
threading and boring cutters, R = (10 - 15)s millimeters;
for planing and slotting cutters, R = (30 = LO)s millimeters;
for recessing and cut-off cutters, R = (50 = 60)s millimeters.
The radius of the gap must insure a width of xﬁ of no less
than 2.5 millimeters. It is recommended that the radius of

the gap be not below 3 millimeters.

N ; N
Declassified in Part - Sanitized Copy Approved for Release 2012/03/20 : CIA-RDP82-00039R000100240003-2




Declassified in Part - Sanitiied Copy Approved for Release 2012/03/20 : CIA-RDP82-00039R000100240003-2

Back relief aﬁgle oL . The action of the cutter is not

limited to deformation by chip removal, but is extended in

the workpiece both ahead of the front face and depthwise be-
yond the line of shear. The presence of elastic and plastic
deformations beyond the line of shear induces operating friction
and wear in the back face of the tool bit. The value and the
intensity of this wear are basically in relation to the value

of the back relief angle.

Back face wear is detrimental to the cutting capacities
of the tool to such an extent that its very appearance is the

underlying cause of an increase in the cutting effort and

pressure on the back face, with an increase in friction and
in temperature which, under conditions of accelerated cutting

speed, leads to a rapid disintegration of the cutting edge.

A greater back relief angle has a particularly beneficial

effect upon the durability of multiblade tools operating

under cpnditions of chip thickness variation, from zero (at

the moment of infeed of the cutting edge) to a maximum thick-
ness (at the moment the cutting edge breaks the contact with
the workpiece). For a milling cutter, the optimum values of

the back relief angles range between 12 and 35 degreese.

Tn the case of hard-alloy-tipped cutters, it was estab-
lished that, in rough- and finish-turning of steel, the maximum

durability of the tool is obtained when L = 12 - 1l degrees.
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The optimum value of o in rough-machining with hard
alloy-tipped tools is higher than in the case of high-speed
steel tools. The higher degree of brittleness present in the
hard-alloy-tipped tools leads to the cleaving of layers of the
hard-slloy cutting edge in the direction of the action of the
yradial component of the cutting force, which component grows
with wear in the back face of the tool bite In order to improve
the cutting capacities of hard—alloy—tipped tools, it is im=-

portant to reduce the intensity of wear in the back face of the

tool bits, which is attained by increasing the back relief

angles

As a basis for the determination of the value of the

back relief angle, the thickness of the chip or feed is taken.
Table 2 furnishes the recommended values for the back relief

angless

The values of the angles for cutters are established

in relation to the characteristic of the work to be done:

whether it is a finishing operation (s é; 0.2 millimeters
or
per revolution),ha roughing or semi-roughing operation (s:>

0.2 millimeters per revolution).

The back relief angle for milling cutters is determined
in relation to their type, since a definite thickness of chip

45 inherent in the design of each type of milling cuttere
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Table 2

Recommended values for back relief angle

Te ol Characteristics Back re-
i

in or operating lief angle

sequence Type - conditions
(1) (3 (4) (5)

Lathe threading, boring,

s > 0.2 m/revin| 6°
and undercut-high-speed
Cutters

Planing and slotting =-

high-speed

Lathe threading, undercut,
thread-cutting, and profilel s & 0.2 mm/rev'n

Cutters | =-- high-speed

A1l types of hard-alloy- For machining in

tipped or bladed steel

Cylindricel, face-milling Large~-size teeth

(inserted teeth), disk- 2 < 1.75 | D, and

Milling
type (2-side-toothed and  with insert blades

3-gide toothed)
cutters

Profile with back-face-
relieved tooth, and corn-
blade-shaped for rough-

cutting
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Table 2 (continued)

(3) W)

A1l types of hard-alloy~ For machining

tipped or bladed in cast iron

Cutters

Cut~off

Cylindrical, face-milling Small-size teeth
(inserted tooth), disk- z > 1.75 /o

type (2- and 3-side-toothed

Milling End-milling and keyway

milling

Angle-milling

cutters Disk=-type saw-tooth

milling

"Profile-milling (with

pointed teeth)

All types D}/ 20 mm

Disk-type straight tooth Small-size

groove-milling teeth

Milling End-milling and keyway- D - 10220 mm
milling .

cutters

T-groove milling D > 25 mm

- 14 -
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Table 2 (continued)

(2) (3) (W)

[Milling ‘\
Disk-type saw-tooth-milling D =75 200 mm}
cutters] %

i
Drills A1l types D up to 20 mm i

Milling End-milling and keyway=
D up to 10 mm
milling

cutbters
T-groove-milling D up to 25 mm

Milling

cutters Spline-milling

Change in the Values of the Front Rake and Back Relief Angles

in the Process of Cutting.

In the process of cutting, and depending on the dis-
position of the cutting edge points with relation to the axis
of the workpiece, the above two angles undergo considerable
changes, which are due to: (1) the shifting of the cutting
plane due to the complex relative motion of tool and workpiece;
(2) the disposition of the cutting edge points in axial planes

non-parallel to the basic plane.

In individual cases, the changes in the values of these
angles become SO considerable that the cutting operation becomes

difficult or even impossible.

-1
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The values of the bit angles in cutting may be considered

as a sum of the following two items:

;}n&—/t:;z' and K =océ7*/nt2‘ s

where ?)é is the original front rake angle; 0‘-4 is the
original back relief angle; /VL is the angle of shift in the
trail the cutting plane described in the main intersecting
plane as a result of the complex relative motion of the tool
and workpiece; 7’ is the angle of shift in the trail the
cutting plane described in the main intersecting plane as a
result of the deflection of the cutting edge from the axial
plane parallel to the basic plane. The last two terms of the
equations for /H« and Z reflect the Kinematic, and the
first items %ﬁ and O(fd -- the physical factors involved
in the process of cutting (the technological factors and the

quality of the metal being machined).

In most cases, the values of the items /H. and 4
are so small ’oﬁa'b they may be disregarded in the determination
of the angles }/ and ® , assuming that ? = 2/;(” and
o S Oﬁd, . In some cases, however, the magnitudes of these
items attain such high values as to exceed by several times

the values of ;)d and %y which may lead to the early

wearing out,or even to the breaking, of the tool.
Determining the Value of M.

The trail of the cutting plane changes its disposition

as it approaches the back face of the tool bit, and, in so

- 16 -
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doing, decreases the value of the original back relief angle

O(/d s simultaneously increasing the value of the original

front rake angle %{ . A visual concept of this may be had

from the following comparisons of the work of a planing cutter

which has a back relief angle O and a front rake angle ;/ o

[ Drawing] [ Drawing]
(a) (b)

Figure Je Bit angles: a =-- during simple motion; b == during

complex motion.
Cross section NN

[Drawing]

Figure 10. Change in bit angles in the process of cutting.

In the first case (see Figure 9, a), a layer of metal
is being cut away by the bit as a result of a simple motion
represented by vector U. The direction of the trail of the
plane of cutting will be parallel to the direction of vector U,
and angles o and 2/ will not change in the process of

cutting, retaining their original value, that is 0 = Oigi
and 2} = //d °

In the second case (Figure 9, b), the layer of metal

is removed by the cutter as a result of a complex motion

-17 -
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(vector W), which is a resultant of two motions: the relative
horizqntal motion of the bit (vector U in the opposite direction)
and the vertical motion of the bit (vector L). The presence

of the complex motion changes the direction of the trail of the
cutting plane, which direction, in this case, will coincide

with the direction of vector W

Due to the change in direction by the trail of the
surface of cutting, the original back relief angle of the

bit will be reduced by ‘/ﬁL = arctan g , and will become

Ky = Dﬁ'“}ﬂi , while the front rake angle of the bit will

be increased by the same value, and will become é?; = d}’f}ﬂ% .

The normal process of cutting requires that the back
relief angle be increased, and the front rake angle be reduced,

by the value AL .
s

Determination of M in lathe turning. In turning, the

process of cutting takes place by way of two motions: the
rotary motion of the workpiece at a speed of v meters per
minute, and the forward motion of the cutter at a feed s
millimeters per revolution. Let us assume that we are working
with a lathe threading cutter with a cutting edge angle of
inclination ;X = 0%, and set on center, it being the case

that its bearing surface coincides with the basic plane.

The original angles in the process of cutting in a

plane normal to the projection of the cutting edge upon the

- 18 -
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basic plane (see section NN, Figure 10, a) will be. 0y =
0(-""’/‘4. and 0%( n/?/f’//PL .

The value of angle /VL (in the plane NN) is determined

by formula

/ifL = arctan (itan Ol’y, sin ?9 )s

where OC)L is the angle of shift in the trail of the cutting
plane in section X3 = X3 (Figure 10, b). Angle OC)L is

at the same time the angle of lead of the thread trajectory,
described by points of the cutting edge of the bit during the

relative motion of the latter in the process of cutting, and

is determined by formula

g

tan OC = e -
¥ Zyr/a

where ]0 is the radius of the contemplated point in the
cutting edge; S is the feed per one revolution of the

workpiecee.

The values of 0L and 2/ may be expressed by the

following formulas:

o = oL, +arctan s .sw'q,)
4 Zomo Z
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The value of arctan ——S——-S[h f) in conventional lathe
27

operation is not great, and does not exceed 30 - 1O minutes;

therefore it can be disregarded, and it may be assumed that
oL = %y and /:;/A o

Tn lathe threading when a cutter with a high lead angle

value is used, the value of angle/A, must be taken into ac-
count since it increases sharply with the increase in the
piteh of the threads and, when “.Z._ = 1, it attains the value

of 15 degrees.

Determination of At in transverse turninge In working

with a cut-off cutter, at /’t = 0° and set on center, the
trajectory of cutting is an exact copy of the spiral of Archi-

medes (see Figure 11).

tan pm = 5
C (R

J60
where 5 is the deflection angle of the workpiece.

Angle /14 is rather small, and it will increase in the
process of cutting as the cutter approaches the center of the
workpiece (when D = 1 millimeter, /A, = 2% 30'). Therefore,
in the case of properly centered cut-off and undercut cutters,

the value of /44, may be disregarded, and the assumption made

that O = 0k, and ;/ =7’d .

- 20 =
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[ Drawing]

Figure 11, The trajectory of the motion of a point in the

cutting edge of bit in transverse turning.

[ Drawing]

Figure 12. Diagram of relieving the back face of a profile

milling cutter.

In some cases, the value of'/ﬂi cannot be disregarded,
as, for example, in the case of relieving the back face of
milling cutters (Figure 12). The value of angle //bt will
vary in relation to the disposition of the contemplated point
of the cutting edge of the bit as related to the center of
rotation O. The maximum value of //4' will occur when the
cutter will pass through point Vi (conditional), and its
minimum value -- when the cutter will pass through point A,

as per the following equations:

AK'Z‘

== =arctan. ’
,//¢twnax ,/Affa £?7726:-(;9995x;b7 J

N "d/‘ﬁfﬂ%ﬂ_
/"me /”54 Zor J

where h, 1is the relieving value of the back faces of milling
cutter teeth; z is the number of teeth in the milling cutter;
H is the height of the milling cutter profile; r is the

radius of the milling cutter.

- 2] -
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Since the values of oL and 7/ are constants, the
values of the original angles OLg_[ and ?{4 for various points
of the cutting edge of the cutter will be different, being
changed in the process of relieving. For point Vi of the

cutter, the values of Cz'd and 2/‘,{ at the end of relieving

will be

?2‘:’_]_4 :@MX 5}7%_@ '

For point A of the cutter, at the beginning of relieving,

it will be

Determination of - when milling with a cylindrical

milling cutter. Figure 13 shows two consecutive positions of
a cylindrical milling cutter, the second position resulting
from the deflection of the milling cutter by angle Sﬂ and

the displacement of the workpiece by magnitude )Lf °

- 22 -
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s mm per tooth

<

Figure 13. Change in the back relief angle of milling cutter

tooth in the process of cutting.

The value of the back relief angle when the point of

the tooth is at point A is X = (X-d +/4{.

Angle O% is determined by line AB tangent to the back
face of tooth, and line I-I tangent to the circle at point A.
Angle Oﬁé is determined by line AB tangent to the back face
of tooth, and line II=II tangent to cycloid OCe Angle /L is
determined by line I-I tangent to circle at point A, and line

II-II tangent to cycloid OC.

The maximum value of /v(/ may be determined by formula

o

Q

/{me = arctan

The value sg (feed per revolution of milling cutter
expressed in millimeters) is small as related to ;710 , and

the formula may be simplified as follows:

3,

= arctan
max
/L oD

C A

Declassified in Part - Sanitized Copy Approved for Reease 2012/03/20 : CIA-RDP82-00039R000100240003-2



Declassified in Part - Sanifized Cdpy Approved for Release 2012/03/20 : CIA-RDP82-d0039R000100246003-2

Declassified in Part - Sal

The computation of values for //n_ , in the case of

the values of and D conventionally used in milling,

So
shows that they are within the range from 0° L4o! to 1%,

Hence, in the presence of high-value back relief angles in mil-
ling cutters (from 12 to 35 degrees), the value of //M- may

be disregarded, and the assumption made that 0% = OLE .

By analogy, 2/ = jii , since an insignificant change in

the front rake angle, similarly, cannot substantially affect

the work of the milling cutters

Determination of the Value of 77

In the process of cutting, the cutting edge of tool,
in its working position, does not coincide with the axial
plane, which is parallel to the basic plane. In relation
to the position of the cutting edge, the value of angle
will enter, either with positive or with negative algebraic

sign, into the equations which determine the values of ¢ and
;)’ .
[ Drawing]

Figure 1lis -The change in the front rake and back relief angles

due to the tool setting with cutting edge above centers

If the tool, in the process of work, makes only one
working motion, angles O~ and }/ are determined by the

following formulas:

ized Copy Approved for Release 2012/03/20 : CIA-RDP82-00039R000100240003-2
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(1) When the cutting edge is set higherithan the axial

plane, which is parallel to the basic plane (Figure 1h):
ol = szi +7 and ;2}=‘;£t "2/3

(2) When the cutting edge is set lower than the axial

plane (Figure 15):

o(:oagé-—a’ and o;/—«/y_@2 =T

where T is the angle in a plane normal to the projection of
the cutting edge upon the basic plane. This angle is formed
by the axial plane OA, passing through the contemplated point
of the cutting edge, and plane CyA, which was accepted as the
axial plane in the aetermination of the angles outside the
cutting processe

[ Drawing]

Figure 15. The change in the front rake and back relief angles

due to the tool setting with cutting edge below center.

Determination of angle € in the case of a lathe thread-

ing cuttere.

Section NN

[ Drawing]

Section YY

Figure 16+ Determination of front rake and back relief angles
of cutter when the latter is set with its cutting edge above center

line.

'ﬂzsn‘
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Section NN

[Drawing]

Figure 17 The change in the front rake and back relief angles
of cutter in the process of cutting, as a result of setting the

tool with its cutting edge above center line.

Setting a lathe threading cutter above the center line
by magnitude h (see Figure 16) will cause the trail of the
cutting plane, iﬁ section NN, to deflect from a straight line
by the angle Z , which deflection is due to the displacement
of point A in the cutting -edge with relation to the center line.

Then, the values of angles O and}/ will be

K= OCZ,:‘—Z' and /:/f_i_ -z

The change in the angle T occurs in the plane YY

normal to the axis of the workpiece and the basic plane.

Figure 16 shows the dispositions of the back relief
angle in a plane normal to the projection of the cutting edge
(section NN), and in a plane normal to the workpiece axis

(section YY),

4 T s T

S e
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In the process of cutting, when the cutter is set above

the center line, additional changes in the angles O and ?)

will occur: due to the presence of complex motion (see Figure

17).

Angles O(d and 2}5{' are determined by formulas

= Vi and — — —
VA A
With some degree of approximation it may be assumed:

oL =& rarctan. [—=— sin ) 7+
2 70 7

A
# arctan ( cos ‘
VR=-4> ’ﬂ) 2

2/__;2/24 —arcz‘azn@; 5-/)7,?) —

= m{d}b/,é/:—ﬁﬁ cos 7/‘)

With relation to the tool operating conditions,

the

second or third item, or the sum of both, may be equated to

gero and eliminated from the equations, due to their insig-

nificant valuese

Determination of the value of C in twist drills.

\
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Section NN

[Drawing]

Figure 18. Changed angles of twist drill bite

Figure 18 shows the bit of a twist drill, where it can
be assumed thab /ﬂ{ n OO; the values of @ and é}’in the
plane NN normal to the projection of the cutting edge upon the

pasic plane, will be

ol = ﬁ%z -7 and ;V ==ép2§ + 7 P

6
— g4
7T =arctan 505?
dP—p 2

é&
In normal tool sharpening, the value of the original

front rake angle ;Ki , at the points of the cutting edge

near tne drill axis, is negative.

Double sharpening of the twist drill and the supple-
mentary sharpening of the transverse edge improve the geometry
by changing the values of OL4. For the points close to the
drill axis, the angles ngé are slightly reduced. This makes
it possible to bring the angles C(Eé and 2/E£ up to their
optimum values, that is, to increase the durability of the

drill and the productivity of the drilling operation.
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Thus, the optimum values of the front rake and back

relief angles (L and 2/ , which were given in Tables 1 and

2, in relation to operating conditions, metal being machined,
type and material of tool, are actually the values of the first

items ?)d and (de in the equations

szﬂ +2"and o= Oédfyf't.

Usually, with insignificant values of i‘bems/'/L and 7T ,
they may be disregarded and the above indicated Tables used
without correcting the given angle values, assuming that
?} =;/d and & = Oﬁé . Only in those cases when, in connec=
tion wi:rjh particular features in the cutting process,/m and T
attain relatively high values, are they to be correspondingly

taken into account when using the above cited equations.

Determination of the Values of Angles s, ¥ s Pz, % , and A

Back relief angle of the auxiliary cutting edge *s,

Tn determining the optimum value of the back relief angle di
of the auxiliary cutting edge it is necessary to proceed from
the degree of participation of the latter in the process of

cutting and the characteristics of wear sustained by ite

Observations in tool wear show that even in those cases
where there is intensive wear in the main back face of bit, no
wear is notlceable in the aux:.llar,)r back face, and only when
operatlng at very:. shallow depths of cut are _there some indications

of wear ‘in_. tha-b su;rface '
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The absence of wear in the auxiliary back surface 1is
due to the fact that the parameter of the transverse section of
the chip, which would be the determining factor in the wear of
that surface, 18 the width b of the chip, which width runs

in a transverse direction to the auxiliary cutting edgee

sipce the width of the chip usually exceeds the thick-
ness of the chip by many times, it is obvious that the optimum
value of the angle 0(1 should be relatively constant and should
correspond to the optimum value of the back relief angle of the

main cutting edge, in the case of a heavy chipe

The above considerations make it possible to establish
the constant value of the back angle 0(1 of the auxiliary
cutting edges oy = 6 degrees for all tools. The exception to
this rule occurs only in those cases when the auxiliary cutting
edge actually plays the part of the main cutting edge, a8, for

example, when working at an infeed of the threading cutter in

multi-tool lathes, or when working with an end—keyway-milling

cuttere In these cases, the value of C(_Z is taken as 10 degreess.

Main angle as measured in planf¢ . The effect of the

main angle in plan, in the case of all types of tools, is mani=
fested in its relation to the durability of the latter. With
the change in angle ? , the ratio between chip thickness and
chip width also changeS. By virtue of this, assuming & steady
depth of cut and a steady feed, the following are controlleds

(1) the iength of cutting edge actually performing the cutting,
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(2) the thickness of the chip and, as & result of this, (3)
the thermal tension at individual sections of the cutting edge.
Therefore, 2 reduction in the main angle, a8 measured in plan,
results in higher tool durabilitys which fact is a general

rule for various too0lse

The op timum value of the main angle in plan for any
cutting tool will be its least possible value in each specific
cases In determining this, it is necessary to take into account
its greabt effect on the cutting force components. This effects
in the case of a lathe cutter, is manifested by an increase in
the cutting force, with a decrease of the angle in plane. In
the case of drills, reamers, and taps it is manifested by the
increase in the moment of torque, with a decrease of the angle

in plane

In the presence of small values of this main angle,

there is frequently chatter in the workpiece and vibration in

the machine, which result in a loweqquality of the machined

surface and in an early deterioration of the cutting edge of
the toole These phenomena are particularly strong in the

presence of inadequate rigidity of the workpieces.

The selection of the main angle in plan is to be made
in relation to the rigidity and configuration of the workpiece,
strength of the machine tool and fixture, the value of the
machining stock allowance, the tool material, and the form of
the front surface of toole

-3l
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The effect of the tool material on the durability of
the tool is manifested with particular clarity in the deter-
mination of the optimum value of the main angle in plan for
hard-alloy-in-vitreous=bond (hard-alloy-tipped) cutters. In
this case, an increase in cutter durability with a decrease
in the main angle in plan i#observed down to the value ?7 =
60 degrees. A further decrease in this angle results in
reduced durability. The latter is due to the higher degree of
brittleness of the hard—alloy—in~vitreous—bond tool components
which will chip under the effect of an accelerated cutting force
occurring with a further reduction in the value of the main

angle in plan,

In selecting the value of angle ;U s it is also necessary
to take into account the form of the front face of tool., When
the latter surface is curvilinear, and the front rake angle is
considerable, the cutting force components are reduced con-
siderably, with the resulting diminution in the sag and vibra-
tion of the workpiece. Thereforg, in the case of tools with
a curvilinear and flat front surface with bevel‘(in the presence
of a large front rake angle), a somewhat smaller main angle in
plan is to be selected than in the cage of tools with a flat

front surface, but without a bevel,

On the basis of the aforesaid, Table 3, which is recom-

mended for the selection of main angles ?? in all basic types

of tools, was compiled,

: ‘ : : -] - OR000100240003-2
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TABLE 3

Recommended values for the main angle in plan ?’

Tool Main
Group Field of application
Material of angle in
Name Type
No cutting edge plan ?
(1) : (2) (3) L) (5) (6)
1
w . .
w Cutters with curvi-
1
linear front surface Threading and boring Finish-machining of rigid workpieceg
with bevel
1 High-speed steel 300
Milling cutters Face (bevel-face)- Through-feed milling of rigid work-
milling pieces with machining stock allow-
ance up to 3 mm (economical in mass+
and large-scale-serial production).
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1)

(2)

(3)

TABLE 3 (continued)
W)

(5) 6)

-qg-

Cutters with front sur-

face bevel

Cutters with flat front

surface without pevel

Threading, boring,
and

undercutting

]
Milling cutters

Face-milling and
disk-type milling
(two-side~-toothed
and three-side-

toothed)

High-speed steel

Machining workpieces of lowered

rigidity

Machining of rigid workpieces

L5°
Through-feed milling of rigid work-
pieces with machining stock allow-

ance up to 6 mm (economical in mass-

and large—scale—serial pro duction)

s i i s

work and of work

Cutters

Threading, boring

and undercutting

Hard alloy in vit-

reous bond

Machining of rigid

of lowered rigidity

High-speed steel

Declassified in Part -
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TABLE 3 (contimed)
(]

feed milling o
60

Through-

Face-milling
- High—speed steel
iron

teel and in cast

Milling cutters
Drilling in s

(con't)
I

(1) Infeed turning and boring on

Cutter with 211 forms Threading, boring, Hard alloy in vitre-
of front surface undercutting and ous bond lathes, mul ti-spindle machines, and
diamond auntomatics
(2) Machining of work of 1owered 75°
rigidity
% e W_Mmm,www
The cutting off of metal
. et

High-speed steel
s

S

SRS

e

Threading, borings Hard alloy in vitre- Machining par-shaped work and work-

undercutting and ous bond and high- i pieces with given rectangular inter-

speed steel section of surfaces °
SISy 90

ST

e

recessing

Milling cutters Face-milling, High-speed steel The milling of given mutually per-
type milling and pendicular work surfaces

e

end-milling \
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Auxiliary angle in plan ?21 . The basic purpose of the

auxiliary angle in plan is to insure the clear motion of the
auxiliary cutting edge with relation to the machined surface.
The importance of this clearance angle is particularly great
in the case of tools that have no back relief angle O(i_of

the auxiliary cutting edge, such as disk-type milling cutters
for grooving, splining, T-slotting, end-milling without face

teeth, and others.
Section NyNy Section NyNp
[Drawing]
Figure 19. Face-milling cutter: a -- with angles 5(!:> 0 and
% = 0; b -- with angles &, > 0 and g > o.
[ Drawing]
Figure 20, Ratio between the height of roughness of the
machined surface (taper section) and the value of the auxiliary
angle in plan.
[ Drawing]
Figure 21. Face-milling cutter with trimming teeth: L--
basic tooth; 2 =~ trimming tooth.
[ Drawing]
Figure 22. Angles zz in uniform groove cutter.

- 36 -
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[Drawing]

Figure 23. Angles i? for uniform groove milling cutter.

[Drawing]

Figure 2lj. Twist drill: Dy and Dy =-- diameters of drill at
the beginning and at the end of the auxiliary cutting edge;
M -- the length of the drill bit which is being ground off

in resharpening of drill.

In the presence of the angle sz and in the absence
of the auxiliary angle in plan, the contact of the tool with
the machined surface is effected along a straight line, which
is the auxiliary cutting edge AB (see Figure 19, a), while in
the presence of the angle S?& , the auxiliary cutting edge
touches the machined surface only at one point A -- the apex

of the tooth (see Figure 19, b).

In tools with angle Ctz,:> 0, a decrease in the angle

Q% results in greater durability. In selecting the value

for ?% , it is necessary to differentiate between: (1)
tools (cutters) in which a variation in the values of f?
occurs due to the non-precision setting in the machine ==
for these cases the minimum value of angle 5%2 =5 =10
degrees; (2) tools in which the presence of a definite
holding base removes the possibility of such non-precision

setting (milling cutters, drills) == in these cases the mini-

mum value of angle ?? will be considerably lower.

37 -
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In the case when the back relief angle of the auxiliary

cutting edge X, = O degrees, the effect of angle is
g 7 gle @

manifested by increased durability of the tool, in the presence

of an increase in this angle within a certain range.

The effect of angle §§ on the degree of finish of

the machined surface is manifested by a greater degree of

roughness in the machined surface with the increase in the

value of angle fz

the taper section (see Figure 20), for which reason the value

, due to an increase in the height of

of angle f% in finish-machining is to be lower as compared
to rough-machining. In face-milling cutters designed for
finishing, trimming teeth are sometimes provided, with small
sections of the auxiliary cutting edge disposed at an angle

§€; = 0 (see Figure 21).

The effect of the auxiliary angle in plan upon the
cutting force is manifested as follows. The cutting force
component acting in the direction of the tool axis is in-
creased as the angle ;g is rgduced. Therefore, in order
to reduce vibration in the case of non-rigid work, it be-
comes necessary to increase the value of 22 te 30 degrees.
In milling, the increase in the cutting force component
acting along the tool axis does not cause any considerable
vibrations The direction of the cutting force component in
this case coincides with the axis of the tool mandrel and
the machine spindle, both of which have maximum rigidity in

this direction. Therefore, in the case of milling cutters

the value of angle ?? is selected at its minimum.

- 38 =
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Finally, in a series of cases, when the value of angle

% is connected with precision—machining, such as is the

case of uniform grooving with recessing cutters (see Figure
29), disk-type milling (see Figure 23), and drilling (see
TFigure 2,), the value of angle ?f{ ig determined in relation
to the tolerance‘ A for the width of the groove V or to

the diameter of the hole and length M which is ground off

in the resharpening of the bit, as per formula

72 = arctan —-4-—
M
In these cases the value of angle % is frequently
very small, as & result of which it is expressed, in some
tools (drills, reame;s), as the difference between dimensions
Dy and Do at the beginning and at the end of the awxiliary

cutting edges

Recommended values for angle g are given in Table

L4 belowe
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TABLE L

Recommended values for auxiliary angle 23 in plan

Teol

Name

(2)

Type
(3)

Field of Avxiliary

application angle in

lan @
W) e 7

Milling

i cutters

Spline-milling and saw=-mill-

ing (solid)

Face-milling, disk-type (2-
and 3-side-toothed), end-

milling, T-groove milling

Recessing, cut-off, tangen-

tial, and profile

Milling

cutters

Face-milling and end-mill-

ing without face teeth

Cutters

High~-speed steel threading

Hard-alloy~tipped threading,

undercutting, and boring

Lathe turning of

rigid work

Threading, undercutting and

boring

Infeed machining,

also machining work

of lowered rigidity

Outward-bent threading

30°
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TABLE L (continued)
(2) (3) W) (5)

Milling} Recess milling, disk-type for § The machining of { In rela-
cutters groove-milling and T-groove uniform grooves tion to
milling tolerance

for width

of groove
SN ,

Notes: 1 - Rigid work means workpieces in which the ratio

—%—é 10,

2 - Work of 1owered rigidity means workpieces in which the

ratio —%%~;>> 10.

Tntermediate cutting edge. In almost all cutting tools,
the greatest amount of wear is sustained by: (1) the zone of
conjugation of the main and auxiliary cutting edges and (2) the
near section of the main cutting edge. At these sections occurs
the concentrated process of chip formation in the presence of
maximum deformation. Tn addition, the most intensive generation
of heat, under conditions unfavorable for its elimination, occurs

at these places.

Tn working wilth end~-milling and face-milling cutters,
drills, and some other tools, the maximum cutting speed occurs
at the points of conjugation of the main and auxiliary cutting

edges, which is also conducive to heat generation.
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In order to reduce thermal tension in this zone and
to stiffen the apex of the angle formed by the intersection
of the cutting edges, it is necessary to reduce the thickness
of the chip in this zone DYy wWay of creating an intermediate

cutting edge with a considerably smaller angle in plane
[Drawing)
Figure 25 Intermediate cutting edges of cutters: a= curvi-
linear; b- rectilineare
{Drawing]

Figure 26 Intermediate cutting edges of milling cutters:
a~ end-milling cutter; b= face-milling cutter; c=- groove=

milling cubtere

[Drawing)

Figure 27+ Double-~sharpened twist drille

TIntermediate cutting edges most widely in use have
the form of an arc of a certain radius (see TFigure 25, a)e
Such an arc in the above depicted zone results in & chip of
variable thickness, which becomes 2ero where the transition

from the main to the auxiliary cutting edge ocCursSe

Cutters with rectilinear intermediate cutting edges are

shown diagramatically in Figure 25, b

-2 -
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In the case of multiple-blade tools, the design of the
intermediate cubting edges in the form of an arc causes some
difficulties in the attaining of complete uniformity in their
form and sizes, and also in the required value of the back

reliel angle.

Tn these cases, the most rational form of the cutting
edge turned out to be a rectilinear section of definite length

(see Figure 26).

Tn the case of twist drills, the provision for an inter=-
mediate cutting edge is known in practical use as the double-

sharpening of the drill bit (see Tigure 27)

Experimental research has shown that the introduction
of intermediate cutting edges with a back angle equal to the
back relief angle of the main back face of the tool resultls

in increased durabilitye

The optimum form of the intermediate cutting edge is
its rectilinear form, as the most workable in conformity with

the given values of all the geometric parameters involved.

Tn the case of tools for the machining of work that
does not allow any significant values for intermediate cutting
edges at the zone of conjugation, minimum value cutting edges,
one millimeter long, at an angle of L5 degrees, are to be

provideds

The values of the angle in plan for the intermediate

cutting edge and the length of the latter in relation to the

type of tool and its operating conditions are given in Table Se

- U3 -
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TABLE 5

Recommended values for the angle in plan

of the intermediate cutting edge 92 and its length Jéf

Angle in plan
of intermediate

cutting edge ¢
o

Length of
intermediate

cutting edge Ty

Cutters -- threading, boring,
undercutting

Milling cutters -- face~milling
and disk-type (2- and

3-side toothed)

il
2

Double~-sharpened twist drills

Cutters -- recessing and cut-off
when V £ 6 mm

Milling cutters -- face-milling,
disk-type groove-milling
(2~ and 3-side-toothed),

and end-milling when

P - 90°

Cutters -- recessing and cut-off

when V > 6 mn
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An intermediate cutting edge in the form of an arc
of a certain radius is to pe used only in those cases when
a conjugation along an arc of a corresponding radius is

specified for the workpiece.

Tn lathe cutters the radius of this conjugation is
known as the radius at the cutting point. The conjugation
is accomplished for high-speed steel cutters, with r = 2 -3
millimeters, and for hard-alloy-tipped cutters, with r =
0.5 = 1.0 millimeters. Research shows that in the case of
finish-turning cutters the increase in the radius at the
cutting point is reflected favorably in the cutting capacities
of the tool. However, the increase in the radius at the

cutting point in the cases of inadequate rigidity of the

workpiece results in higher vibration and, consequently, in
a deteriorated surface finish, Since machining with hard-
alloy-tipped cutters is done at high cutting speeds, which
may induce strong vibration, leading, as well as to the
deterioration in the finish of the machined surface, to the

rapid destruction of the cutting edge of the tool, it is

recommended that the radius at the cutting point of the tool

be kept to a minimume.

[ Drawing]

Figure o8, The conjugation of the cutting edges in cutter

with front face bevel.
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Tools having a front face bevel, in which case the
radius at the cutting point must be within the range of
optimum values but at the same time without canceling out

the bevel, are to be segregated into a separate groupe

As a result of these considerations, the radii at
the cutting points of tools with front face bevel are deter-
mined in relation to the bevel width and the angles in plan

(see Figure 28), and are computed by formula

- 7~

- millimeterse.

g} éz_s-,;f(i’éﬁ)

Angle of inclination of main cutting edge ;L .

[Drawings]

a) b) c)

Figure 29 Angle of inclination of the main cutting edge
A+ (a) negative (-« A )5 (o) zero ( A =0); (c) positive
(4'2 )n

The value of the angle of inclination of the main
cutting edge ;1 (see Figure 29) is selected by the following
data, in relation to the type of cutter, the form of the

front surface of the tool, and operating conditions:
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Recommended values of the angle of inclination

of the main cutting edge of cutters

Type and designation of cutters Angle of inclination

}v‘of the main

cutting edge

in degrees

Lathe threading (with front face bevel, under-

cutting, recessing, and cut-off.

Lathe threading and boring (with flat front

surface without bevel) for rough=machining

lathe threading in intermittent surfaces, planing,

for multiple-tool machines and automatics

Finishing cutters

The Sharpening of the Tool Bit.

The sharpening of cutters may be done either on special

sharpening machines or on universal sharpening machines with

the aid of special jigs or fixtures.

The fixture for the setting and bracing of the cutter
in sharpening on universal sharpening machines is shown in

Figure 30,

[Drawing]

Figure 30. Fixture for the setting and bracing of cutters in
sharpening on universal sharpening machines.

- 7=
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Aisee,

[ Drawing)

ﬂf"¢ct‘¢'o>zs of
motion orf
j/wzda'rj

Figure 31. Diagram of formation of curvilinear front surface.

[Drawing]
Figure 32, Elements of the curvilinear front surface.
Frame 1 (Figure 30) moves, together with semi-cylinder

2, cutter holder 3 with cutter, along the table guides of the

machine. Semi=cylinder 2 performs an oscillating motion in

the frame, The cutter holder 3 allows the cutter to turn in
a plane parallel to the upper base plane of the semi-cylinder

and the basic plane of the cutter.

In setting, the cutber is braced in the cutter holder
and turned to conform with the value of the main angle in

plan,

By a turn of the semi-cylinder in a vertical plane,
the cutter is set to conform with the value of the front

rake angle,

In order to obtain a curvilinear front surface on the
cutter, a turn about the vertical axis zz by the magnitude
~of angle qj (see Figure 31), relative to the projection of the
main cutting edge of the cutter upon its basic plane, is ime

parted to the grinding wheel., The sharpening is effected by

the reciprocal motion of the rotating wheel, parallel to the

o
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above mentioﬁed projection of the cutting edge. The outline
of the curvilinear front surface obtained by sharpening is
a segment of an ellipse in the zone of the minor radii of
curvature. For the adjustment of the grinding wheel in the

sharpening of the curvilinear profile, formula (10) may be

useds

ZQD_: : Casgl;/
sin @ = Dy ~5Rcosp  tany

2D, =

where éﬂ is the angle of turn of the grinding wheel in
degrees; R is the radius of the curvilinear profile in milli-
metersy Dk is the diameter of the grinding wheel in milli-
meters; }/ is the front rake angle of tool bit in degrees;

4 is the diameter of the grinding wheel profile in millimeterse

1n order to determine the depth h of the curvilinear

profile (see Figure 32), the following formula is useds

PR A/ "
< V%z* 'fazz‘anz;/ ?

where a = 0.5(Dg = d) sin ¥ + 0,54

Tn the presence of angle ;{3 , the depth of the curvi-

linear profile in a cutter with a tipped pblade will be:
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The sharpening of milling cutters and other multiple-

blade tools is done along the front and back surfaces. The
cylindrical margin on the pack surfaces of the milling cutter

teeth is not to exceed 0.03 = 0.05 millimeters.

The sharpening of the front surface of tools with

sharp=pointed teeth. The front surface of tools with straight

teeth is sharpened with the flat surface of a plate-shaped

grinding wheel.

[Drawing]

Figure 33, The sharpening of the front surface of tool with

helical teethe

The front surface of tools with helical teeth is to
be sharpened with the tapered surface of the grinding wheel
(see Figure 33), since sharpening it with the flat surface
of the wheel would result in the improper form of the front
surface of the tool and in the reduction of its front rake

angle.

In order to obtain the proper front rake angle of tool
2) , it is necessary to turn the cutting point of the tooth

being sharpened in such a way that its front surface is at

- 50 =
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distance h from the tool axis (see Figure 3L). .

(a) (v)

Figure_B_li. Diagram for the setting of milling cutter tooth

in the sharpening of its front surface,

The magnitude of shift (h) of the tool axis in a
direction normal to the grinding plane, in the case of tools
with straight teeth, coincides with the transverse displace-
ment of the machine table, and is determined from the triangle

OLK (see Figure 3k, a):

/L = *22*5/‘/@ 2/)

where D is the tool diameter; 2/ is its front rake angle.

The magnitude of displacement h of the tool axis
in a direction perpendicular to the cutting edge, in the case
of tools with helical teeth (see Figure 3k, b) is determined
from the condition of the presence of an ellipse in a section
normal to the cutting edge, and the angle é\ of thé grinding

wheel:

b = 2 sin Y/
<
Vees ’5())+J #5102 Wyr8) cos*w

where ¢ is the angle of inclination of the helical teeth

(the flutes).
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In order to obtain the necessary shift of the tool in
the sharpening machine, it is practically necessary to shift

the machine table with the tool or the grinding head (depending

on the design of the sharpening machine) by a value:
D s (P r8)
< Veos z/}/?’-é\ ) sim 2{77‘-&" ) cos*ew

}C::.

In order to avoid computations and to facilitate set-ups,

it is recommended that a device, shown in Figure 35, be used.

Section AB 5
Scale
Vank AR
Sc?le 73}
-~ l;
Scale D mm

Figure 35. Device for the setting of milling cutters and other

multiple-blade tools in the sharpening of the front surface.

The device is braced with the aid of fulcrum supports
(1) on the mandrel or in the center of the chuck of the sharpen-
ing machine, after a proper setting, by its scales, to conform
with the requisite front rake angle &V » has been effecteds
Then the tool diameter D and the helical tooth angle & 3
with the aid of the carriage plane I - I, are mutually super-
posed with the generatrix of the grinding wheel cone, by which
operation the requisite walue of displacement h is auto-

matically secured.

-52 -
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In sharpening tools with straight teeth, the setting

can be effected with the aid of a device shown diagrammatically

in Figure 36.

oo

View along

arrow X :Scale 2)

Figure 36. Device for setting of milling cutters and other
multiple-blade tools with straight teeth in sharpening the

front surface.

Having determined the value of H by the scale on
the reverse side of ruler (L), one adjusts the support (3)
by the same value., By the placing of the device, with the
aid of a fulcrum support (1) on the cylindrical part of the
tool or center of the tool-holding chuck, and by mutually
superposing the plane I-I and slide (2) with the plane of
the grinding wheel (or with the generatrix of the grinding
wheel cone), the requisite value of the "sharpening" dis-

placement h is secured.

Sharpening of the front surface of tools with backe

face-relieved teeth. The sharpening of milling cutters and

other tools with back-face-relieved teeth is done only along

the front surfaces. As a base for bracing the tools, the

back edges of the teeth which are to be sharpened are used.
These back edges of the teeth, in the manufacturing of the

tools, are index head-ground in order to secure their uniform

- 53 =
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circular spacinge

The feed per depth of the layer being removed by each
pass, along all the teeth, is to proceed by turning the tool

about its axis to a corresponding value, which is accomplished

by advancing the adjustable stop (Figure 37).

T

Feeding

by adjustable stop

Figure 37. Diagram for the sharpening of front surface in
back-face-relieved toolse

[ Drawingl
Figure 38. The setting of a cup-shaped grinding wheel with

relation to the tool being sharpened.

[ Drawing] [ Drawing)
(a) (o)

Figure 39. Diagram and device for the setting of a multiple-

blade tool in the sharpening of the back surface.

[Drawing]

Figure 1,0, Diagram for the sharpening of the back surface of

a multiple-blade tool with a disk-type grinding wheel.
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Sharpening the back surface. The sharpening of the back

surface of a tool with sharp-pointed teeth is to be done with
the aid of a cup-shaped grinding wheel. In order to reduce the
surface of contact and heating in the tool when sharpening with
a cup-shaped grinding wheel, it is necessary to turn the axis

of the latter in a horizontal plane relative to the axis of

the tool being sharpened, by 1 - 2 degrees (see Figure 38).

The obtaining of the requisite back relief angle in
sharpening with a cup-shaped grinding wheel is accomplished by
turning the tool about its axis in such a way that the cutting

point A of the tooth being sharpened sustains a displacement

equal to the value H (see Figure 39, a):

H:%J/}Za;

where D is the tool diameter; (X_ is the back relief angle.

The proper position of the cutting point of the tooth
is fixed by a stopping device which is to be set as close as
possible to the cutting edge of the tooth being sharpened.

In sharpening tools with straight teeth, a wide stopping device
is to be used. In the case of helical teetﬁ/ a wide stopping

device with beveled-off angles,an%/ in the case of face-milling

teeth, a narrow stopping device, is to be used.

The setting of the stopping device for height can easily

be accomplished with the aid of a regulator shown diagrammati-

cally in Figure 39, b. With the aid of the scales present in the

- 55 -
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device, the following is done: (a) the ruler (1) is set to a

value equal to half the diameter of tool —g—; (b) the inmer

semi-disk (2), together with the ruler, is turned by the value
of the back relief angle QL ; (c) the outside semi-disk (3),
together with the inside semi-disk and ruler, along the notch
of the supporting frame (L) are set to the height of the centers

of the sharpening machine.

The stopping device is fed to point A in the cut-out
of ruler (1), by virtue of which the cutting point of the

tooth being sharpened is displaced by the value H.

When sharpening tools with a small number of teeth,
a disk-type grinding wheel may be used (see Figure 40). In
this case the cutting point of the tooth being sharpened must
lie in one horiéontal plane with the tool axis, and the grinding

disk axis is to be above this plane by the value

Hzgrs/}zq.

The sharpening of twist drills along the back surface,
for the obtaining of the requisite values of their geometric

elements, is to be done on special drill-sharpening machines,

In this case the forming of the back relief angle O
is based on the fact that the back surfaces of the drill are

parts of helical surfaces of imaginary sharpener coneg (Figure

41), and its cutting edges coincide with the generatrices of

- 56 -

d Copy Approved for Release 2012/03/20 : CIA-RDP82-00039R000100240003-2



b '

Decléséified ih Paﬁ - Sanitized Copy Approved for Release 2012/03/20 : CIA-RDP82-00039R000100240003-2 *

these cones. The axes of the imaginary cones are mutually

perpendicular and form with the drill axis the angle é? =

L5 degrees, and in horizontal projection they are displaced
with relation to the drill axis by the magnitude pD = 0,07D
(where D is the drill diameter). By virtue of the aforesaid,

positive values are attained for the back relief angle.

The face plane of the cup-shaped grinding wheel which,
in the process of sharpening, performs a rotary and a recipro-
cating motion, coincides with the generatrix bf the imaginary
cone, the axis of which is the pivot axis of the drill-holding

o
chucks The drill braced in the chuck at angle é? to the

chuck axis, in the process of sharpening, performs an oscile

lating motion around the chuck axis.

The drill is to be properly clamped in the chuck lips
gripping it along the margin surfaces (see Figure L2), at a
distance yD (see Figure L1) determined from triangles ABC

and BCE:

D — 3@ sin ¢ _ XKDy
s (180 - #)  sm@shp
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Rotation of

grinding wheel

1 v [ Drawing]

Reciprocating motion ‘Direction

of grinding wheel of feed

Oscillating motion of drill

about the axis of the sharpener cone

Figure .L_@:' Principal diagram for sharpening of twist drillse

[ Drawing)

Figure_”)ig. Diagram for pracing of twist drill in sharpeninge

[ Drawing]

P_‘}_;f,ure 43. Device for sharpening small twist drillse

To determine the location of the drill gripping clamps,

data furnished in Table 6 below can be used. The Table indicates

distances 2z from the peripheral points of drill cutting edges

to the clamp lips (see Figure h1).
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TABLE 6

Diameter of f Conventional i Drills for Drills for Drills for

drill in mm drills sof't steei aluminum brass

and copper

o5

3
L
5
5
6

o5
5

6oF

13
1

Tn order to obtain the requisite value of the angle
at the cutting point of the drill (2 ¢ ), it is necessary to

change the magnitude of the angle at the apex of the sharpener

cone 2 §Z7 by a turn of the supporting carriage on which the

axis of oscillation of the drill holding chuck is situated, since:

2@ =2 SZ/ +2 @) (see Figure L1).

To sharpen the back surfaces of small drills (less than
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U millimeters), a device, presented diagrammatically in Figure
L3, can ve used. Into sleeve (1) of swivel bracket (2), which
is rotating in frame (3) and is oscillating at an angle ;&’ =

13 degrees to the face plane of the grinding wheel, are inserted
removable bushings (L) (of a size in relation to the diameter

of the drill). The drill axis (5), and also the axes of the
bushing (i) and of the slseve (1), lie at an angle ¢ = )5

degrees to the axis of oscillation of the swivel bracket (2).

The underlying principle of sharpening drills in this

device is similar to the sharpening principle in the machine.

When angle ;é/ = 13 degrees and @7 = ;5 degrees, only
the conventional sharpening of the drill can be accomplished in

the device, since

Cp=2¢+20 =26 +90 =176 °.

The sharpening of the ferrule and margin of the drill
is done by hand with the aid of a rounded-edge grinding wheel

mounted on a universal or plain drill sharpening machine,
CHECKING THE GEOMETRY OF THE CUTTING TOOL

Checking the back relief angle. The checking of the

back relief angle of a cutter with a limit gage (see Figure
LL) and measuring it with a protractor (see Figure 45) is done
in a plane N-N normal to the projection of the cutting edge
upon the basic plane. The measuring of the back relief angle

with a universal protractor for cutters (see Figure L6) is

- 60 -
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convenient, since the protractor can be superposed upon the

cutter without removing the latter from the sharpening machinee

The checking of the back relief angle in drills with the
aid of a limit gage is shown in Figure 47. The checking of
the back relief angle of a multiple~blade tool Ty using a 1limit
gage is shown in Pigure LB, and by using a protractor, in Figure

b9'

[Drawing]

Figure lilte Checking the back relief angle of cutter with

limit gage.

[ Drawing]

Figure Q_S_. Measuring the back relief angle of cutter with the

aid of a protractore

Section NN

[ Drawing]
Figure 16 Measuring the back relief angle of cutter with the
2id of a universal protractor.
[Drawing]

TFigure 7. Checking the back relief angle of a drill with

a limit gage.
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[Drawing]
Figure L48. Checking the back relief angle of milling cutter
with limit gages

[Drawing]

Figure 49, Measuring the back relief angle of milling cutter

with the aid of a protractor for multiple~bladed tools.

The checking of the front rake angle and of the form

of the front surface of cutters and milling cutters is a pro-

cedure similar to the checking of the back relief angle. A
limit-type gage is used for checking the angle of sharpening
after the back relief angle has been checked. In measuring
the front rake angle, the measuring arm of the protractor
must touch the front surface of cutter and must also lie in

a plane normal to the projection of the main cutting edge upon
the basic plane. The curvilinear form of the front surface is
checked with the aid of a limit gage (Figure 50), in which
case the measuring of the front rake angle is effected with

the aid of a universal protractor (Figure 51).

The principle of measuring the back relief and front
rake angles of multiple-blade tools with the aid of limit
gages and universal protractors reduces itself to the deter=
mination of angles Q%X and éﬁ; (Figure 52), the value of
which, with given values for the back relief and front rake

angles, is in relation to the number of teeth 2z, and is
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determined by the formulas:

. e 180
Ly == 7 T~ %

- 186
P = 90— " — -

tany
o)
the normal (main intersecting) plane; ¢ is the angle of

3 2/ is the front angle of tool in

14

where ;gr.= arctan

inclination of the helical toothe

[ Drawing]
Figure 50. Checking of the front rake angle and of the front
surface form of cutter with the aid of a limit gage.
[ Drawing]

Tigure 51 Measuring the front rake angle and checking the

curvilinear form of front surface of cutter.

[ Drawing]

Eigure_gg. Checking diagram for limit gage and protractor

angles in the case of muiltiple-blade tools.

Checking the main cutting angle in plan is done with the

aid of a limit gage and universal protractor (Figures 53 and Sli)e

[ Drawing]

Figure 53. Checking main cutting angle in plan with the aid

- 63 =
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of a limit gage.

[ Drawing]

Figure Sh. Measuring the main cutting angle in plan with the

aid of a universal protractor for cutters.

Checking the auxiliary angle in plan is done with a

limit gage or a universal protractor in a manner similar to

the checking of the main cutting anglee

In the case of drills and reamers, the auxiliary angle
in plan, due to its small value, is determined by taking the
micrometer readings of the diameters at the beginning and at

the end of the auxiliary cubting edge (inverted cone)e

Tn the case of milling cutters, the measuring of the
auxiliary angle in plan is done with the aid of a protractor,
after which the measurement is checked with the aid of a

ruler for a gap of light (see Figure 55).

[Drawing]

Figure 55, Ghecking the auxiliary angle in plan of a milling

cutter with ruler for a gap of light.

Checking the angle of inclination of the main cutting

edge of cutters is done with the aid of a protractor in a plane
normal to the bearing plane and passing through the cutting

edge.
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milling cutters are cited in Table 7.

No in
Geometric parameters
sequence

Value of

angle

Tolerance

Back relief angles ¢f and
Ay

Up to

Above

20°

20°

Front rake angle }/

Up to

Above

20°

20°

Main cutting angle in planf)

Auxiliary cutting angle in

plan 7@:

Up to 0%301

From 0°930' to

10

From 1 to 10°

Above 10°

Angle of inclination of

main cutting edge X

Checking for symmetrical disposition of the cutting com=

ponents of milling cubtters and other multiple-blade tools (checking

for free play) is done with the aid of an indicator. The depar=

ture values between adjacent teeth are determined as the arith-

metical mean of three indicator reading.
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HI GH~SPEED CUTTING OF METALS

The basic practical solution of the problem of high-speed
metal cutting proposed in the USSR as far back as 1936 consists
in the utilization of the heat which is generated in cubting as
a result of the plastic deformation of the metal layer being

removeds L17]

Footnotes The method of increasing productivity when

machining workpieces preliminarily heated by bringing in the

heat from outside sources found no industrial application, since
it called for specially equipped operating premises. particularly,
when attempting to utilize, for localized pre=heating, highe=
frequency currents, a power ful high=-frequency installation is
necessary, and the machining of work with variable cross sections

is made difficulte

In the presence of low cubting speeds, the liberated
heat pervades (by convection) the material being machined.
Additionally, with low cutting speeds, the temperature in the
metal layer being removed does not exceéd 300 = LOO degrees
Centimgrade, that is, it 1s considerably below the maximum
economical cutting temperature value, which is 500 = 600 degrees

Centigrade.[12]

Tn the presence of high cutting speeds, the amount of
energy being conveyed from the outside per unit of time is in=
creased, while the time for the elimination of the heat is
reduced, Hence, with high cutting speeds, the increased  amount

of heat is concentrated in the zone of the metal layer being

- 66 =
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separated, resulting in a considerable temperature increase in

this zone, up to 600 = 800 -degrees Centigrade.

1t must, however, be taken into account thab in cubtling,
simultaneously with the rise in the temperature of the machined
metal, the temperature of the tool pit is also increasede There=
fore, the 1imiting factor, as far 28 the rise in temperature is
concerned, 1s the thermal durability of the tool bit, that 18,
the retention vy the tool bit of its cutting capacity under
conditions of high temperaburee This condition, under the
above indicated temperatures, ig satisfied BY tungs‘ben—titanimn—

cobalt alloys in vitreous bond with tool steels

High-speed mebal cubting found its widest application in
lathe work and milling, and it is known as "high—-speed turning"

andthigh-sp ced milling'".

The solubion of the problems in high-speed metal cubting
is inherently related to the establishment of a corresponding
geometry of the tool bit and of cutting practices, the value of
which, proceeding from the specifics of high-speed cutting,
must be established to conform with considerations substan’sially
gifferent from those that were prevalent in the selection of
the above indicated paramebers for the conventional methods of

metal cuttinge

For example, in determining the front rake angle in
high-speed cutting, ib 18 necessary to proceed from the tendency
to a temperature rise on the part of the metal chip in process

of separation, by way of an increase in its deformatione The latter
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is attained by decreasing the front rake angle until 1t assumes
negative values. Simultaneously, there is an increase in the
strength of the tool bit, which is of great importance, con-

sidering the brittleness of hard alloys.

As a result of extensive research, the following optimum
geometric parameters of the tool bit for high=-speed turning and

high=speed milling are recommended.

1 - The front rake angle and the form of the front surface

of the tool bite In machining with hard-alloy-tipped cutters,

when high cutting speeds are employed, the optimum value of the
front rake angle is to insure: (1) a higher degree of deformation
in the metal layer being separated in order to raise the temperature
in said layer; (2) a greater strength of the tool bits (3) a re~
duction in the external friction of the chip against the front

surface of the tool bite

A negative value of the front rake angle satisfies the
first two conditions. At the same time, a negative front rake
angle does not insure a reduction in the external friction of the
chip against the front surface of the tool bite All of the above
stipulations are satisfied by a double front surface (flat sur-

face with bevel)s

The value of the front rake angle 2/ , in the presence
of a flat front surface of tool bit, is to be within the range

of minus 10 to minus 15 degrees.

In the presence of a double front surface these values are
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to be retained for the angle of bevel }2 . In such a case;

the bevel is to be of considerable width, in order to create

in the machined metal an adequate bearing surface that will
insure the proper formation of chip on ite In this case, the
front rake angle 2/ is to have a positive value, in order to
reduce external friction in the flow of the chip along the front

surface of the bite

2 - Back relief angles Tn relation to the specifics of

hard—alloy-tipped tool bit wear, the value of the back relief

angle is to remain within the range of 1 - 16 degreese.

3 = Main and auxiliary cutting angles in plane The
cutting force greatly affects the durability of hard-alloy—tipped
tool bitse For this reason, the value of the main cutting angle

§? is to be 60 degrees, since then the cutting force will be

at its minimum values

With the increase of the auxiliary angle in plan, the
radial component of ‘the cutting force 1s reduced. Hence, &n
increase in the value of g? has a favorable effect on the
durability of hard—alloy-tipped tool bitse The recommended values

of this angle are not to be below 10 degreeses

Tntermediate cutting edge. Tn high-speed metal cutbing,

tne intermediate cutting edge is to be rectilinear with an angle

in plan g@ = 20 degreese

The op timum values of the geometric parameters of the tool

bit, as used in high—speed metal cutting, are cited in Table 8 belowe
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TABLE 8

Geometric parameters of tool bit in high-speed metal cutting

Geometric parameters
Form of Metal Main cutting edge Auxiliary cutting edge Intermediate
the front cutting edge
being
surface ?i 7[
o e Mi114
of bit machined ]) ][ })Z o A ? { |CuttersiMilling o) ?f;
: cutters
-
o
1
Flat £ 65 kg/mm? -10°
Rt (4|0 = @ el ) S5 m | 2°
i 3 2 ) -15°
wit sl > 65 kg/mm© | +20 15
: o
2 bevel Cast iron 1s mm 0 30
15° +5° 60° 8° 30° 10° 2 m fp——
Flat g, £ 65 kg/mm® | -10°
a < b 5 g/ 20°
s 8 o —— ——
without 19 > 65 kg/mme =15
bevel Cast iron 30°
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CUTTING TOOL MATERIALS

000100240003-2

The selection of material -for the cutting tool must be in

relation to the type, designation, form and volume of the tool,

to operating conditions, heat treatment, and the degree of

finishe

Detailed data on cutting tool materials are furnished in

Chapter VIII, volume 3 (tool steels) and Chapter III, volume b

(hard alloys) of the encyclopedic manual Mashinostroyeniye

(Machine Building).

Tn determining the grades of steel for the fabrication

of various tools, the use of Table 9 is recommended.

TABLE 9

Grades of steel for various tools

Grades of steel
Name of t ool

l Carbon Alloy
(1) (2) (3)

High-speed
(L)

Thread-cutting chasers, disk-

type and prismatic, with non-ground

Profile o o o o o o o o 8 o o o 0 U124

Countersinks, inserted blade

and tapered « o o o 0 0 s 0 e 0 U124, ULOA

Counterbores « o o ¢ UL2A, ULOA

Blades for inserted blade

countersinks « « o o o o

e o o @

. / | -
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TABLE 9 (continued)
(1) (2)

Tooth-cutting tools (slotters,
chasers, cutters, cutting heads,

Shavers) o o o o o s o o ¢ o o o R, EI-3L7

Shanks for cutters, cutting

heads, countersinks, reamers, etc. ;0Kh, ShKhlS

Hand taps (with non-ground

profile)a...........

Nut=threading taps, machine,
screw-die, master taps, with

non~ground Profile « o ¢ o o
Files (furnace~hardened). .

Files (high~frequency-current-

hardened)..........

Circular chaser (also square-,
hexagonal-, locksmith-) die heads
for slanting die stock, pipe screw-

di€S o © o« o ¢ ¢ o ¢ o ¢ o o 9KhS
Screw-dies, knurled « . . Kh12M, 5KhNM

Screw-dies for thread-cutting

heads, with non-ground profile

FESETES

220

e
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TABLE 9 (continued)

(1)

Screw-dies for thread-cutting

heads, with ground profile « «+ «

Broaches == keyway, spline, cir-
cular, square, for external broache
ing, forming, calibrating and the
like +

e 0 0 0 0 0t 0 0 v 0 0

Tool blocks for welded tools
(gear cutters, chasers, slotters,

ghavers and the like) « o o o o

Reamers == hand, machine,

taperad, inserted blade « «
Boiler reamers « ¢« ¢« o o o

Blades for inserted blade

rEamers o o o 0 o0 0

* 8 o 0 0o 0

Cutters ==~ threading, cut-off,

undoroutting and the like + « »

Profile cutters, disk-type and

prismatic-..........

Drilles (0425 = 1.0 millimeter

diameber)........... Ul2A

Declassified in Part - Sanitized Copy Approved for Release 2012/03/20 : CIA-RDP82-00039R000100240003-2

(2)

R, EI-3L7

KhVG, 9KhS, KhG RFl, R, EI=-3L7

LOKh, ShKhlS

EI-347

EI-3L7

RFL, R, EI-3L7

RF1, B, EL-37

, ULOA




TABLE 9 (continue d)
) (2)

Twist drills and centering

drills of all sizes o « ¢ ¢ ¢ ° UL2h, ULOA 9KhS RFL, R, EI-3L7

Milling cutters == cylindrical

type, face-milling, disk-type (3-

side~toothed) groove=-milling,
keyway-milling, recess-milling,
taper-milling for dies, and the

like o o o

Milling cutters with back=

relieved teeth of various pro=

riles (non~ground profiles) o e

Milling cutters == angular
(all profiles), end-milling,

cylindrical ve o 0 8 0 ¢ @ 0 00

Thread=milling chasers and

disks, with ground profile o o ¢ R, RFL, EI=307

Thread~-milling chasers and

disks, with non-ground profile .

Disk=type gear=-cutting hobs up

tOMOd\lleloo.occooooo

Disk-type gear-cutting hobs

(module above l) o o o 0 o s 0 0
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TABLE 9 (continued)
(1) (2)
Finger-type gear-cutting hobs

Worm-gear hobs, worm gear for
non=-evolute profiles and spline
shafts, worm gear tapered =- with

ground profile e o 6 oo s s s e

Worm-gear hobs, worm gear for
non-evolute profiles and spline
shafts, worm gear tapered =- with

non~ground profile o o« « o o o

Blades for inserted-tcoth mille

ing CuLters o o« o o o o o o o o o R, EL-347

Welded tool shanks « « o o o o Steel L0, L5

Note: In all cases cited, steel of grade EI-262 may be used

instead of steel of grade EI-3L7.

Considerable deformations occurring during the heat
treatment of carbon steel disqualify it for use in an entire
series of tools: large cylindrical milling cutters, thin recess-
milling cutters, complex-profile milling cutters, worm-gear hobs,

thread-cutting tools, and the like.
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Alloy steel 9KhS, oil-herdened, which is subject to
minimunm distortion in heat treatment and is amenable to through-
tempering and step-hardening, finds a much wider field of appli-
cation. Its deficiency is a less satisfactory machinability, as

compared to carbon steel, particularly in thread-cutting operations.

Ground profile tools, such as taps, dies for die-cutting
heads, and the like, are fabricated only from high-speed steel
or its substitutes, since tools fabricated from steels of other
specifications are tempered in grinding. Table 9 cites only

the basic substitutes of high-speed steel.

Metalloceramic hard alloys are used for cutting tools in
the form of standard blades for cutters and for inserted~blade
tools (milling cutters, drills, countersinks, reamers)s The
blade material is selected in relation to the type of work
material. For machining cast iron, blades fabricated from VK8
and YEé tungsten carbide alloys are used. For machining steel,

blades fabricated from TL5K6, T5K6, and TOK1O carbide-titanium-

tungsten alloys are used.
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